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We have investigated the role of complement, leuko-
cytes, and histamine in the delayed phase of hematopor-
phyrin-induced phototoxicity in guinea pigs. The pho-
totoxic response was quantified by the accumulation of 
intravenously injected [1251]bovine serum albumin in the 
skin. There was a greater than 6-fold increase in the 
vascular response at the completion of irradiation, 
which subsided partially to reach a plateau of twice the 
preirradiation level between Q.5 h and 12 h. At 18 h, 
the vascular responsiveness returned to the baseline 
value. The 7 h timepoint was selected in this study to 
evaluate the modulation of the delayed phase. In com-
plement-depleted guinea pigs, as well as in leukopenic 
animals, the enhancement in the vascular response was 
significantly suppressed (p vs control, < 0.0001 and 
0.0022, respectively). Cimetidine, when administered 
prior to irradiation, significantly suppressed the photo-
toxic response (p vs control, 0.0365). The combination 
of diphenhydramine and cimetidine, administered 6 h 
after the induction of phototoxicity, also suppressed the 
vascular response (p vs control, < 0.0001). These data 
indicate that the expression of the delayed phase of 
hematoporphyrin-induced phototoxicity, similar to the 
early phase, requires the presence of an intact comple-
ment system, leukocytes, and histamine. 
We have previously demonstrated that in guinea pigs, the 
phototoxic response induced by hematoporphyrin and irradia-
tion consisted of an immediate onset of erythema and edema, 
which subsided partially in 30- 60 min; significant erythema 
and edema were present 6- 12 h later [1] . The complement 
system and functionally intact mast cells are both required for 
t he full development of the immediate phase of this response 
[1]. These results are consistent with the previous demonstra-
tion of photoactivation of the complement system in the pres-
ence of porphyrins [2,3], and are also consistent with the known 
effect of complement activation products, C3a and C5a, on 
mast cells [4). The purpose of the present study was to inves-
tigate the role of the complement system and histamine in the 
development of the delayed phase of hematoporphyrin-induced 
phototoxicity in guinea pigs. Furthermore, because the delayed 
phase of phototoxicity is associated histologically with the 
appearance of a polymorphonuclear cell infiltrate in the dermis 
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[5], the participation of polymorphonuclear cells in the devel-
opment of this response was also studied. 
MATERIALS AND METHODS 
Induction of Phototoxicity 
This was performed as we described previously [1]. Briefly, fema le 
Hartley strain albino guinea pigs, 350- 400 g (Charles River Breeding 
Labs, Wilmington, Massachusetts), were injected with 10 mg/kg of 
hematoporphyrin solution, and 45 min later, a 1.5 X 3 cm2 area of the 
back was irradiated with a 1000 W solar simulator (Oriel, Stamford 
Connecticut), equipped with a UVB and UVC blocking filter. Th~ 
output of t his solar simulator has been described in detail previously 
[1] . Hematoporphyrin-treated animals received 0.4 J/cm2 of irradiation 
measured at 396- 407 nm, which corresponds to the action spectrum of 
hematoporphyrin [6]. Control animals were injected with buffer and 
exposed to irradiation, or received no treatment at all. 
Evaluation of the Alteration in the Vascular Response 
The development of phototoxicity at various t imes after the irradia-
tion was quantified by t he measurement of the accumulation of in tra-
venously injected [125l ]bovine serum albumin (BSA) in the skin speci-
mens, a method we have described previously [1]. Thirty minutes prior 
to the time-point chosen for evaluation, 10 11Ci/kg of [' 25I] BSA (ICN 
Pharmaceuticals, Inc. , Irvine, California) was injected i.v. The animals 
were sacrificed 0.5 h later, and duplicate 13 mm-diameter skin speci-
mens were obtained from irradiated and nonirradiated sites. The 12sl 
activity in these specimens was measured by a gamma counter (Tracor 
Analytic Model 1.197, Mountain View, California) . Since the (125I ]BSA 
was injected 0.5 h prior to t he chosen t ime-point, the radioactivity of 
each of the sk in specimens reflected the vascular permeability and the 
degree of vasodilatation at that particular time-point. The degree of 
the vascular response is expressed as the ratio of radioactivity at the 
light-exposed site to the dark, nonirradiated site (L/D ratio). Based on 
our previous observation t hat the delayed phase of eryt hema and edema 
in hematoporphyrin-induced phototoxicity peaked at 6-12 h after ir-
radiat ion, the 7 h time-point was selected in this study to evaluate the 
role of the complement system, leukocytes, and pharmacologic agents 
m t he de layed phase of hematoporphyrin-induced phototoxicity. 
Depletion of Complement and Induction of Leuhopenia 
As described previously, these were achieved by treatment with cobra 
venom factor (Cordis Laboratories Inc., Miami, Florida) and cyclo-
phosphamide (Adria Laboratories Inc. Columbus, Ohio), respect ively 
[1 ,7]. To evaluate whether these treated guinea pigs had intact micro-
vascular response to known vasoactive agents treated animals were 
injected intradermally with 0.1 ml of histamin~ hydrochloride (Sigma 
Chem1cal Co., St. Louis, Missouri), 100 nmol/ml in phosphate-buffered 
saline (PBS), and with 0.1 ml of compound 48/80 (Sigma), 100 J.tg/ml 
m PBS, and the vascular response quantified 0.5 h later by the 
measurement of the accumulation of i.v. injected [125 l]BSA at those 
sites. The doses of vasoactive agents used are similar to those described 
previously [ 1]. 
Administration of Antihistamines 
Diphenhydramine hydrochloride (Sigma), a histamine J-1 1 receptor 
antagonist, was dissolved in PBS. Cimetidine (Sigma) a histamine H2 
receptor antagonist, was dissolved in 0.1 N HCl, then adjusted to pH 
7.4 with 0.1 N NaOH, and diluted in PBS. In all experiments, either 
diphenhydramine alone (20 mg/kg), or cimetidine alone (10 mg/ kg) , or 
a combination of both, was injected i.p. 
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Statistical Analysis 
The approximate degree of freedom t-test was used to compare the 
means since our studied populations had normal distribution but un-
Feb. 1985 COMPLEMENT, LEUKOCYTES, AND HISTAMIN E IN HEMATOPORPHYRIN PHOTOTOX ICJTY 115 
equal variances [8]. The P-plot method was used to establish signi fi- 3 ~ 
cance levels as fo llows [9]: p > 0.05, not signi fica nt; 0.05 > p > 0.01, 
borderline signi ficant; and p < 0.01, significant. 
RESULTS 
Time Course of the Alteration in Vascular Response Associated 
with Hematoporphyrin-I nduced Phototoxicity 
In hematoporphyrin -treated guinea pigs, t here was a greater 
t han 6-fo ld increase in t he vasc ular response at t he completion 
of irradiation (Fig 1), which is consisten t wit h the results of 
our previous study on t he immediate p hase of hematopor-
p hyrin-induced p hototoxicity [1]. T he increased vascula r re-
sponse at t he completion of irradiation (0 h) partially subsided 
to reach a plateau of twice t he pre irradiation level between 0.5 
h a nd 12 h, and the base line value was reached at 18 h. No 
changes were observed in ani mals exposed to irradiation alone. 
Modulation of the Vascular Response in Hematoporphyrin-
Induced Phototoxicity by Depletion of Complement or 
Leukocytes 
T he t ime course of t he vascular response in complement-
depleted guinea pigs, as well as in t he leukopenic group, was 
s im ilar to that observed in normal animals. In all groups, a 
maximal increase in t he L/D ratio was observed at t he comple-
tion of irradiation (0 h), which subsided to reach a p latea u by 
0.5 h, and returned to baseline level by 18 h. H owever, t here 
were signi ficant differences between these 3 groups, of guinea 
pigs in the magni tude of t he vascula r response at t he 7 h t ime-
point. As shown in Table I, in t he decomplemented guinea pigs, 
and in t he leukopen ic animals, t here was statistically sign ifi-
cant suppression of t he vascular response (p vs control, < 
0.0001 and 0.0022, respectively). In both treated groups of 
gu inea pigs, t he response to int radermal injection of histamine 
and compound 48/80 was not diffe rent from that observed in 
cont rol animals, indicating that t he microvasculature in these 
guinea pigs was relatively intact, and that the suppression of 
t he vascular response was specific for hematoporphyrin-
induced phototoxicity. 
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F IG 1. Time-course of the alteration in vascu lar response associated 
with hematoporphyrin- induced phototoxicity. The vascular response is 
expressed as the L/D ratio (see Materials and Mehtods). Each point 
represents the mean L/D ratio of at least 3 gu inea pigs ± SEM. 
TABLE I. Vascular response 7 h after the induction of phototoxocity" 
L/0 ± SEM N• p' 
Control 2.21 ± 0.12 12 
Decomplemented 1.55 ± 0.04 4 <0.0001 
Leukopenic 1.60 ± 0.07 6 0.0022 
" The vascular response was qua ntified as the ratio of 125! radioactiv-
ity at the light-exposed site to the dark site (L/D ratio). 
b N = number of guinea pigs. 
<Treated groups vs control group. 
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F IG 2. Effect of antihistamines, administered prior to irradiation, 
on vascular response at 7 h. Each bar represents the mean L/D ratio 
of at least 3 guinea pigs ± SEM. DH = diphenhydramine, CM = 
cimetidine. •: p = 0.0365, **: p = 0.0415 . 
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CONTROL DH CM DH + CM 
F IG 3. Effect of antihistamines, admi niste red 6 h after irradiation, 
on vascular response at 7 h. Each bar represents the mean L/D ratio 
of at least 5 guinea pigs ± SEM. DH = diphenhydramine, CM = 
cimetidine. •: p < 0.0001.. 
Effect of A ntihistamines on the Vascular Response at 7 Hours 
T wo sets of experiments were performed. In t he first set of 
experiments, t he a nt ihistami nes were administered 0.5 h prior 
to t he induction of phototoxicity, and 7 h later, t he alteration 
in t he vascular response was measured. T he antihistaminic 
properties of t hese agents at t he same t ime interval were 
evaluated in animals given an tihistami nes 7 h prior to t he 
int radermal injection of histamine and compound 48/80, and 
t he vascula r response was assessed 0.5 h later. T he doses of 
histamine and compound 48/80 were ident ical to t hose used in 
complement -depleted and leukopenic animals. T he resul ts of 
the first set of experiments are shown in Fig 2. Cimetidine, 
either alone or in combination with diphenhydramine, caused 
suppression of the vascular response when administered prior 
to irradiation . (p vs control, 0.0365 and 0.0415, respectively). 
Treatment with diphenhydramine alone was without any effect. 
In cont rast to the supp ressive effect of cimetidine on t he 
vascula r response induced by hematoporphyrin and irradiation, 
none of t he ant ihistaminic agents significantly affected the 
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TABLE II. Effect of antihistamines on vascular response induced by 
histamine and compound 48/80" 
Histamine Compound 48/80 
Treatment 
CPM• ± SEM p' CPM ± SEM p 
Control 6194 ± 481 5699 ± 1262 
Diphenhydram ine 453 ± 121 0.0074 2069 ± 639 >0.05 
Cimetidine 2396 ± 381 0.0085 3561 ± 1058 >0.05 
Diphenhydramine 350 ± 275 0.0019 1250 ± 689 >0.05 
+ cimetidine 
a Diphen hyd ramine (10 mg/kg) , and/or cimetidine (20 mg/kg), were 
adm inistered 0.5 h prior to in t radermal injection of histamine and 
compou nd 48/80, and t he vascul ar response was assessed 0.5 h later. 
• Count per minute. 
' Treated group vs control group. 
vascular response induced by histamine and compound 48/80 
injected 7 h later (data not shown) . 
The second set of experiments evaluated the effect of admin-
istration of antihistamines 6 h after t he induction of phototox-
icity on the vascular response measured 1 h later. At this 7 h 
time-point, the response to histamine and compound 48/80, 
injected 0.5 h previously, was also assessed. As shown in Fig 3, 
the vascular response induced by hematoporphyrin and irradia-
tion was significantly suppressed by the combination of di-
phenhydramine and cimetidine (p vs control, < 0.0001), while 
neither agent alone had any effect. As shown in Table II, t he 
response induced by histamine was significantly suppressed by 
diphenhydramine, or cimetidine, eit her alone or in combina-
tion; these antihistaminic agents also suppressed t he vascular 
response induced by compound 48/80, although the suppression 
was not statistically significant. 
DISCUSSION 
Phototoxicity is an example of cutaneous inflammation; clin-
ically, it consists of an immediate and a delayed phase of 
erythema and edema [1,10,11 ]. The pathophysiology of these 2 
phases is on ly partially understood. The immediate phase of 
phototoxicity has been shown to affect the mast cell [12,13], 
prostaglandins [14,15], lysosomal and erythrocyte membranes 
[16,17], t he "protease-polypeptide" system [18], and the com-
plement system [1] . In an imal models, H1 and H2 histamine 
receptor antagonists have been reported to inhibit the imme-
diate phase of phototoxicity [1,19,20]. In human subjects, H1 
receptor antagonists suppressed t he immediate and the delayed 
phase of coal tar- induced phototoxicity, and the immediate 
wheal -and-flare phototoxic response in patients with porphyria 
cutanea tarda [10,11 ]. The effect of H2 receptor antagonist was 
not evaluated in these human studies. 
The mediators involved in the development of t he delayed 
phase of ph ototoxic response induced by hematoporphyrin were 
investigated in the present study. At the completion of irradia-
tion, there was a greater t han 6-fold increase in the vascular 
response in hematoporphyrin- treated guinea pigs (Fig 1) . This 
increase corresponds to the development of erythema and 
edema at t he completion of irradiation [1] . However, while 
significant erythema and edema were still present at 6- 12 h, 
the vascular responsiveness had decreased to reach a plateau 
about twice t hat of t he preirradiation level (Fig 1). This appar-
ent discrepancy can be explained by t he fact that the radioac-
t ivity in each of the skin specimens reflected the vascular 
responsiveness at that particular time-point; in contrast, the 
clinical appearance at any given t ime-point reflects the cumu-
lative changes from t he time of induction of phototoxicity. 
While depletion of complement or induction of leukopenia 
did not alter the t ime course of vascular response associated 
with hematoporphyrin- induced phototoxicity, it did suppress 
the magnitude of the vascular response at 7 h (Table I) . Since 
depletion of neither complement nor leukocytes affected the 
response to intradermal inject ions of histamine and compound 
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48/80, the suppressive effect on the vascular response is there-
fore specific for hematoporphyrin-induced phototoxicity. It is 
likely that the effect observed in decomplemented animals at 7 
h is a reflection of the marked suppression noted at the com-
pletion of irradiation, as we had previously reported [1]. The 
suppressive effect observed in leukopenic guinea pigs extends 
our previous findings in demethylchlortetracycline-induced 
phototoxicity [7], and is consistent with the report that leuko-
penia suppressed the increase in vascular permeability induced 
by anaphylatoxin in rabbits [21]. 
The participation of histamine was investigated in studies 
using histamine receptor antagonists. Cimetidine, either a lone 
or in combinat ion with diphenhydramine, when administered 
prior to irradiation, suppressed t he vascular response associated 
with phototoxicity at 7 h (Fig 2) (p vs control, 0.0365 and 
0.0415, respectively) . Such treatment did not have any effect 
on the response induced by histamine and compound 48/80 
injected 7 h later, suggesting that the suppressive effect of 
cimetidine was not due to its direct effect on the cutaneous 
microvasculature. It is known that the H2 receptor mediates 
many of the immunomodulatory functions of histamine [22] ; 
whether the suppressive effect of cimetidine was due to its 
interaction with H2 receptor on the infiltrating cells in the 
dermis remains to be clarified. 
A combination of diphenhydramine and cimetidine, when 
administered 6 h after the induction of phototoxicity, signifi-
cantly suppressed t he vascular response at 7 h (Fig 3) (p vs 
control,< 0.0001). These results are rather surprising since the 
induction of phototoxicity and the init iation of t he biologic 
changes leading to the appearance of the clinical lesions were 
accomplished 6 h prior to the administration of antihistamines. 
Because these antihistaminic agents also suppressed the re-
sponse induced by histamine (Table II), these data suggest that 
histamine is one of the mediators involved in the increase of 
the vascular response observed at 7 h; whether the dermal 
cellular infiltrate observed at the delayed phase ofphototoxicity 
stimulated t his apparent release of histamine from the mast 
cells is unclear. Alternatively, it is possible that diphenhydra-
mine and cimetidine had a direct effect on the cutaneous 
microvasculature which was independent from their antihista-
minic properties. 
In summary, these data extend our previous observations on 
the role of the complement system and mast cells in hemato-
porphyrin-induced phototoxicity in guinea pigs. The effective-
ness of. the. combinati?n of H1 and H2 histamine receptor 
antagomsts m suppressmg the vascu lar response in this animal 
model suggests that further studies need to be performed to 
investigate the effect of these two types of agents in phototox-
icity. 
.. M. R. ~lau?er, Ph.D:, Department of Communi ty and Fami ly Med-
Jcme, U mvers1ty of Cahforma, San Diego, assisted with t he statistical 
analysis. 
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